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.U,«s ,>f ,he layer of geranium, the .pplied C^uic bla., and ,he elevated temperature. 



«. (New) The method as elatated in claim 26, wherein the at least one dieleetde layer eomprtses 
a plurality of diclectiic layers. 

43. (New) Th. xnethod as claimed in claim 32. wherein d.e at least one dielectric layer comprises 
a plurality of dielectric layers. 

Currcnlly pending claims 3-6. 8, 1 1-12, 14, 19-21. 26-28. 30. and 32-43 are for 
consideration by the Exan.incr. Claims 33-43 arc new. Claims 12 and 20 were an.cnded prior to 
the present office action response. Claims 3-6. 8. U, 14. 19, 21. 26. 28. 30. and 32 arc amended 

herein, 

•I'hc Uxaminer rejected claims 3-6, 19-21. 26-28 and 32 under 35 U.S.C. §l03(a) as being 
unp:nentable over Koch ct al. (U,S. 5.413.884) in view of Angelopoulos et al. (6.31 6.16731) and 

Howe ctal. (U.S. 6,210.988). 

The Kxaminer rejecled claims 8 and 30 virdcr 35 U.S.C. §l03(a) as being unpatentable 
over Koch ct al. (U.S. 5,413.884) in view of Angelopoulos et al. (6.316.167B1) and Howe et al. 
(U.S. 6.210.988) as applied to claims 3-6, 19-21, 26-28 and 32 above, and f^rtlier in view of Cho 

etal. (U.S. 6,074.930). 

The Examiner rejected claims 1 1. 12 and 14 under 35 U.S.C. §103(a) as being 
uapalanable over Koch ctal. (U.S. 5,413,884) in view of Angelopoulos et al, (6,316,167B1) .nd 
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Cho ct al. (U.S. 6.074,930) and Howe ct al. (U.S. 6,210,988). 

Applicant., respectfully traverse the§103(a) rejections Nvith the followu.g arguments. 

Applicants respectfully contend that indcpendetU claims 3, 19. 26. and 32 arc not 
unpatentable over Koch in view of Ai^gclopoulos and Howe, because Koch in view of 
Angclopoulos and llowe does not teach or suggest each and every feature of independent claims 
3. 19, 26. and 32, For example. Koch in view of Angelopoulos and Howe does not leach or 
.suggest '^depositing a photo resist layer over tl.e layer of gcn^anium" and "exposing U.e photo 
resist layer to light and developing the exposed photo resist layer to form a photolithography 

The Examiner alleges that Koch teaches "depositing a photo resist layer (46) over the 
bycr of metallic germanium (44), exposir.g and developing the photo resist layer (46) to foi.. a 
photolithography image 50". AppUeant.s contend, however, that layer 46 in Koch is not a photo 
resist layer as is required by claims 3, 19. 26. and 32, but is instead a,, electron-beam sensitive 
resist (..ee Koch, col. 5. lines 44-45). Applicants further contend that the layer 46 in Koch is not 
exposed to light as is required by claims 3. 19, 26. and 32. but is instead exposed to an electron 
beam (see Koch, col. 5, lines 26-29; 46-4 8). 

Rased on the preceding arguments, Applicants respectfblly maintain that independent 
clain,s 3, 19. 26, and 32 are not unpatentable over Koch in view of Angelopoulos and Howe . and 
thai claims 3, 19, 26. and 32 are in condition for allowance. Since claims 4-6, 8, and 33-35 
depend from claim 3, Applieams contend that ciaim. 4-6. 8. and 33-35 are likewise in condition 
for allowance. Since claims 20-21 aitd 39 depend from claim 1 9. Applicants contend that claims 
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- 39 imcwUc in condiUon fo, allowance. Stac. cWm. 27-28, 30, and 40-42 depend 
,o« Cain, 26, Applicants con«nd .hal claims 27-28. 30, and 40-42 are likev^e in co„di.o„ fcr 
allowance. Since Cain, 43 depends from cla.n 32. Applicants contend that claim 43 is UUewisc 
in conditio ti for allowance. 

Applic-ts respectfully contend that independent claim 1 1 is not unpatentable over Koch 
i„ view of Angclopoulos and Cho and Howe, because Koch in view of Angelopoulos .nd Cho 
and [ lowc does not teach or suggest each and eve.y feature of independent claim 1 1 . For 
example, Koch in view of Angclopoulos nnd Cho and Howe does not teach or suggest 
.'depcsiting a photo resist layer over the ntetallie gei^anium layer" and "exposing the photo 
resist layer to light and developing the exposed photo resist layertoformaphotolithography 

inu,e". The Examiner alleges that Koch teaches ''depositing a photo resist layer (46) over the 
layer of metallic germanium (44). exposing and developing the photo resist layer (46) to fonn a 
photolithography image (50)". Applicants contend, however, that layer 46 in Koch is not a photo 
resist layer as is required by elaim 1 1 . but is instead an electron-beam sensitive resist (see Koch, 
col. 5. lines 44-45). Applicants flirther contend that the layer 46 in Koch is not exposed to light 
as is required by claim U. but is instead exposed to an electron beam (see Koeh. col. 5, lines 26- 
29; 46-48). 

Based on the preceding arguments, Applicants respectfully maintain that independent 
claim 1 1 is not unpatentable over Koch in view of Angclopoulos and Cho and Howe, and tl.at 
claim II is in condition for allowance. Since clain.s 12. 14. and 36-38 depend from claim U. 
Applicants contend that claims 12, 14, and 36-38 are likewise in condition for allowance. 
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on .he preceding .gu..^s.AppUcnn..^^^^^^^ 
.nd a. cnt.c appHCio. meet the accept... c.teHa for allowaace. and therefore re.oest 

.pp,ica.ior.iabeUereonditior^forano..Ke,Applieants invite the Ex.mir.er to co.^^^^^ 
Applieaais' representative at the telephone number listed below. 

(L y^ P- '^/U^-I tt?^ 

. A J&k p. Friedman 

Date; 0\(%ol%oOj Rcgistratio.! No. 44,688 

Schmeisor, Olsen & Watts 
3 Lear Jet Laiie 
Latham, New York 12110 
(518)220-1850 
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P,ea.c a^nend claims 3-6. 8. 11. H, 19, 21. 26. 28, 30, and 32 as follows: 
3 (A.end.d) A method for etching a semiconductor substrate using a geranium hard mask, the 
..icondoctorsubstratehavin8ta]aU^^O..dielcctriclayc.ovcramajor^^^^^ 

method coniprisins Uvc steps of: 

a) dcposhing a layer of m^alUe 8«ma.uum ov.r .he uM^ «=tec.ric layov; 

pMCcrrfne mc layer of n,cu.llc gcr,..m.. to form .he germanium hard m.* as a ,op 
mo., layer over .he d-lec.ri= layer, .he m^m^ s.cp [flMher] comprism^: 

i) deposLing a pho.o resist layer over .he layer of melallio germanium; 

ii) exposing iisM9MuA'M^^MM& "-""P-S SSPa^^"- """"^ 
laj-cr to form a phoiolilhogvaphy image; 

iii) etching the layer of metallic Be^■^.anhun through the photoUtl^ography image; 



and 



iv) ren^oving the (photoresist] photoi^si^ l^V^r prior to selectively etching the at 
Icastom dielectric layer through the germanium hard mask; 

c) selectively etching the atl^i^. dielectric layer through the gcn^anium hard mask 
with the germanix^m hard ..ask as a top most layer to form an opening in the aLteoiL. 
dielectric layer; and 

d) selectively etching the semiconductor substrate tlu-oughthc opening in ^e .Xl^^jm 
dicleciric layer; a ad 

[ftmher comprising .ho s.ep of! £l [stripping a«y] Eliuaing the layer of mc.allie 
gcrm.mi..m ador performing .he s,=P of selee.ively etching ,he aUe^loBS dielectric 
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laycrl, tho step of stripping away the layer of metallic germam.m including the steps of: 
oxidizing the layer of mct.llie Bermanium to fo^ra a layer of gcrmaoium oxide 
therefrom; and 

removing the layer of gcnTianium oxide] nnd before perfon niii^jjestejzof 
seLc^liyclxt'tcliiimJh^ 

4. ( An.cnd.d) The method as ebimed in claim [3] the step of removing the layer of 
gcmaaniurn o^idc including rinsing the semiconductor substrate in walxrr. 

5. (Amended) The method as claimed in claim 3, the step of [stripping a^] remoyinfi the layer 
of inetallie germanium including[strippme away the layer of metallic germanium before 
pcrfon-ning ihc step of selectively etching the semiconductor substrate]:. 

oxidL/IriSJhUaifSrofm^^ 

ami 

r^.pjdngthei,mito»^ 

6. (Amended) The method as claimed in claim 3, wherein the step of [deposhmg a layer of 
• n,.tallic gennanium including depositing the layer of metallic genn.nium having a thickness 
between approximately 40 nm and approximately 500 nm] o^ri^MAmrMl^^^ 
CenvLaKiimUllclvid^hca^ 
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8. (Amended) The method as clain^ed in clai«. 3, fMl^LComimMnfi the s.ep of forming [a] the 
atlc^sLonc dielectric layer [furthct] which includes tl« steps of: 

forn^ing a pad oxide layer having a thickness between approximately 5 nm and 
approximately 30 nm over the major surface of the semiconductor substrate; 

depositing a nitride layer having a thickness between 50 nm and approximately 300 nm 

over tlic pad oxide layer; and 

deposhing a mask oxide layer having a tl.ickness between 800 mn and approximately 

3,000 nui over the nitride layer. 

1 1 . (Amended) A method for fabricating a scmicouductor device [having a dielectiic stack over a 
major suiface ihereof], comprising the steps of: 

a) depositmg a metallic gcrmamum layer [over the] on.a dielectric stackUhejMecjric 

SI.eJ.jLaym^sUiilLali^^^ 

b) palierning the metallic germanium layer to form a germanium hard mask as a top most 

loycr over the dielectric stack, tlie p^ijing step [fiuthcr] comprising; 

i) depositing a photo resist layer over tlie mctalHe germanium layer; 

ii) exposing t;..phnro resist laver Mheht and developing the e^cEose^ photo resist 
layer to fomi a photolithography image; and 

iii) etching the metallic genrianium layer through the photolithography image; 

c) removing the [photoresist] Rhouu;esisi layer prior to [selectively] etching the dielectric 
[layer] stack tlirough the gennanium hard mask; 

d) etching the dielectric stack through the genTianium hard mxsk with the germ^mium 
09/599,783 
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Uard mask as a .op mos, layer .0 fom. a dWectric hard mask over .he major surface of .he 
semiconductor substmie; 

c) etching the semiconductor substrate tlirough the dielectric hard mask; 
f) forming doped regions in tlie semicondvictor substrate; and 

e) forming dielectric and conductive structures over the semiconductor substrate; and 
[funhcr comprising the step of stripping away] hiding the metallic germanium layer 
after Uic step of etching the dicleclric stack and before tl.e step of etching the 
semiconductor substrate, wherein the step of Istripping away] removing the metallic 
germanium layer includes the steps of: oxidising the metallic gennanium layer[;]. and 
viosing ihe semiconductor substrate in wter f^vJD^domV^^ 
metalUg germanuim lavci\ 

14. (Amended) The method as claimed in claim 11, [wherein] furthercomE^^ the step of 
fonning [a] the dielectric stack [further] includ[es]ingtlie steps of: 

forming a pad oxide layer having a thickness between approximately 5 mn and 
approximately 30 nm on the major surface of the semiconductor substrate; 

depositing a nitride layer having a thickness between 50 nm and approximately 300 nm 

oi\ the pad oxide layer; and 

depositing a mask oxide layer having a thickness between 800 nm and approximately 

3000 imi on the nitride layer. 

19. (Amended) A method for etching a semiconductor wafer, [the semiconductor wafer having a 
09/599,783 
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dicleciric Slack over a major surface thereof, the melhod] comprising the steps of: 

a) formmg a gem.anium hard mask as a lop most layer over the dielectric stackjM 

SSJI^lcmdvict^rwafex. the step^faamiJ£JLgenn5n^^ comprising: . 

depositing a photo resist layer over the laycrof metallic germanium [layer]. 
I ,1 111 I' inr, 111, liliotn i-ni-t InT^nn lif'*--""'^ ^^y^lr^pino the expOSCdjAQl^^ 
|»vc -r 10 form a Dhr>tnliihoorar)hY mask, and 

.t^P Iny^r rif metallic gcmiamjiinJteS h thf^ photolithography masj s; 

b) removing the [photoresist] photoiesist layer prior to [selectively] etching the dielectric 
[layer] stack through tlie germanium hard mask; 

c) etching the dielectric stack tlirough the germanium hard mask to fomi a dielectric hard 
mask over the major surface of the semiconductor wafer; and 

d) etching the semiconductor wafer tlirough the dielectric hard mask; and 
[wherein the step of fornAing a germanium hard mask includes the steps of: 

depositing a layer of metallic germanium having a thickness equal to or greater 
than approximately 40nm over the dielectric slack; 

paticming the layer of metallic gemianiumto fonn the germanium hard mask, and 

which fuilhcr includes tlie steps of; 

depositing a photo resist layer over the layer of metallic germanium; 
patterning the photo resist layer to form a photolithography mask, and 
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etching the layer of metallic gemiaiiium through tlie photolithography mask; and 
r.rther comprisit^g the step of stripping away] cliemoying the gcntxanium hard n.ask 
aacr etcldng the dicleclric stack and before etcWr^g the semiconductor wafer, whereit. the 
step of [stripping away] tWm the germanium Iwd mask includes the steps of: 
oxidl7,inB the layer of metallic gemianium to convert the layer of metallic 
germanium into a layer of germanium oxide[;], and 

.^moving the layer of gemiani^im oxide afjeuierforminM^^^ 
l ayer of me taUi<Lg.Qmi^iyin> 

.21. (Amended) Th. method as clauiied in claim [3] 19, wherein the step of [patterning the layer 
of metallic gennanium comprises: 

depositing a layer of photo resist; 

etching the metallic gennanium layer through the layer of photo resist; and 
removing the layer of photo resist prior to the step of selectively etching the dielectric 

[layer] stadi through the germanium liard mask] gxidirinr th.- h Y^r of motnllic peniianium. 

iir-.Llid2l.l!-Ti1^- .1^. ..miVnndnctor substrate at elevate d trmroratnrc in an envirOR mgnt^ 

EnTibjcjQUixygsn- 

2C. (Amended) A method for etching a semiconductor substrate having [a] aLleastcms dielectric 
layer over a major surface tliereof, the method comprising the steps of: 

a) depositing a layer of germanium over the gt least one dielectric layer; 

b) dtjposiling a [photoresist] i>hotoj:s$ist layer over the lajLcrof germanium [layer]; 
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c) .xp..inB!h^o^^iai«m4iiita and developingtheaiB^ 

fonn a pliololiihoeraphy image; 

d) etching the [.nctaUic] layciof get^taanium [layer] through the photolithography innage 

to fonn a geimanium hard mask over tlie atleasjons dielectric layer; 

e) removing tl.c [photoresist] DbpjaiisiM from over tl.e germanium hard mask; 

f) paiierning the atjeastonc dielectric layer through the gcrmamum hard a mask [after 
removing the photoresist la>^r from over the germanium hard mask] to fo:^ a dielceti-ic hard 
mtisk over thi^ scmicond uctor substrate; and 

g) selectively etching the semiconductor substrate Uuough the dielectric hard mask; and 
[furd^cr comprising the step of stripping away] hlremovrng the gcrmamum hard mask[ 

uftcr patterning the atjeastonc dielectric layer to form the dielectric hard mask], [wherein 
stripping away the layer of g.ni^anium] compris[es]in^e.^tei^: oxidiring the layer of 
germ.mium to form a layer of germaniam oxide thererrom[;]. and removing the layer of 
germanium oxide afkuiod^-^ 

28. (Amended) The method as claimed in claim 26, wherein [depositing a layer of gcm^axnum 
comprises depositing the layer of gemianium having a tWckncss between approximately 40 nm 
and .pproximnlely 500 nm] o2ddizmjiti£M.cro£ge]m9t^^ 

icondH!^siiMk:aiiiiLtot^ 



scm 



30. (Amended) The method as claimed in claim 26, further comprising forming [a] tlieatieast 
one dielectric layer by: 
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forming a pcid oxide layer having a thickness between approximately 5 nm and 
approximately 30 nm over the major surface of the semiconductor substrate; 

depositing a nitride layer having a thickness between 50 nni and approximately 300 nm 

ovcfr til© pad oxide layer; and 

depositing a mask oxide layer having a thickness between 800 nm and approximately 

3,000 mu over the nitride layer. 

32. (Amended) A method for etching a semiconductor substrate having [a] at least pnc dielectric 
layer over a major surface thereof, tl^e method comprising the steps of: 

a) depositing a layer of germanium over the aL].Q.|stonc dielectric layer; 

b) patterning the layer of germanium to form a germanium hard musk, the step further 
comprising: 

i) depositing a photo resist layer over the [metallic] laycrof germanium Llayer]; 

ii) exposing fVrpMtn resist layer to light and developing the sssmA phoio resist 
layer to fomn a photolithography image; 

iii) etching the [metallic ] layer jofgennanium [layer] through the 
photolilhography image; and 

iv) removing the [photoresist] photo resist layer prior to selectively etching the at 
leasjjaie dielectric layer tlirough the germanium hard mask; 

c) palleniing the aUeastoije dielectric layer through the germanium hard mask using a 
process selective to germanium to fonn an opening in the atleastpne dielectric layer; and 

d) selectively etching the semiconductor substrate througli the opening in the at lea.swne 
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dielectric layer[; and 

f„«h.r comprising th. step of =rtppi08 ^w»y .he g=n«m>«m hard mask after paltcmins 
.ho a ioattSia dWccUio layer, *c step of ..ripping away .ho layer of meteUio fiemaniv™ 

incliuiinB the steps of: 

oxidi/iug the layer of iTietallic germanium to fonn a layer of germanium oxide 

ihcrefrom; and removing tlie layer of gci-manium oxide]. 
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